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TO WHOM IT MAY CONCERN, THE FOLLOWING IS 
A SPECIFICATION OF THE AFORESAID INVENTION 
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OPTICAL CONNECTION VERIFICATION APPARATUS 

AND METHOD 


BACKGROUND OF THE INVENTION 


1- Field of the Invention . 

This invention generally relates to connecting optical fibers, and more 
particularly to a fiber-optic cable and cable connector equipped with a circuit 
for verifying that an optical connection has been established. The invention is 
also a method for making a connector of this type. 

2. Description of the Related Art . 

In order to ensure that an optical system will operate reliably, it is 
important to confirm that its optical connectors are properly installed. One 
proposed approach which addresses this problem involves attaching an 
electrical wire to an external portion of an optical fiber. In operation, this wire 
carries electrical signals from a connector attached to one end of the fiber to a 
connector attached to a second end of the fiber. When the signals are 
received by the second connector, it is determined that a valid, optical 
connection exists. In systems of this type, the connectors are usually plug- 
type connectors which are adapted to interface to a controller of a network 
management system. 

The proposed approach described above has proven to have several 
drawbacks. First, the electrical wires consume space within the connector, 
and their attachment to the fiber increases the fiber size. This undermines 
attempts at miniaturization and increases the overall cost of the system. Also, 
because the electrical wires are externally attached to the fiber, they are 
susceptible to damage, which compromises the reliability of the system. 

In view of the foregoing considerations, it is apparent that there is a 
need for a fiber-optic cable connector which uses an improved circuit for 
confirming that an optical connection has been established, and moreover 
one which consumes less space and is more affordable to implement than 
conventional approaches. 
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SUMMARY OF THE INVENTION 

In one preferred embodiment of the present invention a fiber-optic 
cable and cable connector is provided which contain a verification circuit that 
5 is more affordable, consumes less space, and is more efficient than 
conventional circuits used to perform this function. 

In another aspect of the present invention, a verification circuit is at 
least partially integrated within the internal structure of an optical fiber. 

In another preferred embodiment of the present invention, a verification 
10 circuit is provided as described above which is equipped with or is connected 
to an electronic device which informs a user that a proper optical connection 
has or has not been established. 
1 The foregoing are achieved by providing a fiber-optic cable which 

f! includes a conductive coating formed on an optical fiber. The conductive 

| 1 5 coating may be in the shape of a band or ring located at a terminal end of the 
pi fiber, or may extend along the entire length of the fiber or a portion thereof. 

p l For protection purposes, the fiber is covered with a buffer made, for example, 

3 from a plastic or polymer. Through this conductive coating, connection of the 
J optical fiber to either another fiber or to an opto-electronic device may at all 

4 20 times be confirmed. 

3 

* The f 'ber-optic cable connector of the present invention includes a 

receptacle and plug, the latter of which is preferably connected to the terminal 
end of the fiber-optic cable of the invention. The receptacle is equipped with a 
verification circuit which confirms that the optical fiber in the plug has 
25 established an optical connection with the receptacle. The verification circuit 
includes a contact element at a location which coincides with a position of the 
conductive coating when the plug is inserted into the receptacle. When the 
conductive coating and contact element touch, an electronic device connected 
to the contact element provides a user with an indication that an optical 
30 connection has been made. If an optical connection is not made, the 

electronic device provides an indication of the same. The electronic device 
may be a light-emitting diode or audible alarm. In an alternative embodiment, 
the fiber-optic cable of the present invention may be incorporated into the 
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receptacle of the connector. In this case, the verification circuit would be 
formed in the plug. 

The power source for the alarm may be a battery incorporated into the 
receptacle housing or may derive from an electronic device to which the plug 
is connected. In addition to providing an indication that an optical connection 
has been made, the conductive coating may operate as a transmission line for 
carrying electrical signals, which may be analog or digital. Also, the invention 
is ideally suited for verifying optical connections between cables that contain 
fiber-optic bundles. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing a cross-sectional view of a preferred 
embodiment of a fiber-optic cable in accordance with the present invention. 

Fig. 2a is a diagram showing one possible configuration of the 
conductive coating of the fiber-optic cable of the present invention, and Fig. 
2b is a diagram showing another configuration of this conductive coating. 

Fig. 3 is a diagram showing one embodiment of a fiber-optic cable 
connector in accordance with the present invention. 

Fig. 4a is a diagram showing one possible configuration of a 
verification circuit included in the fiber-optic cable connector shown in Fig. 3, 
and Fig. 4b is a diagram showing an example of an electronic device used 
with this connector. 

Fig. 5 is a diagram showing another embodiment of a fiber-optic cable 
connector in accordance with the present invention. 

Fig. 6 is a diagram showing one possible configuration of a verification 
circuit included in the fiber-optic cable connector shown in Fig. 5. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is fiber-optic cable equipped with a conducive 
coating along at least portion of its length. The present invention is also a 
fiber-optic cable connector equipped with a verification circuit for confirming 
that the connector has been properly installed. The cable and connector 
described herein may have a variety of uses including transmitting optical 


Express Mail Label No.: EL443493272US 

signals along voice and/or data networks, and in this regard may prove 
especially advantageous within wavelength-division multiplexed (WDM) 
systems and switching networks (optical cross-connects). The invention may 
also have more local applications such as between two electronic devices in a 
home or office environment. 

Referring to Fig. 1 , a cross-sectional view of an optical fiber cable 1 
constructed in accordance with the present invention includes an optical fiber 
2, a conductive coating 3, and a buffer 4. The optical fiber may be a single- 
mode fiber, multi-mode fiber, or any other fiber conventionally known. 
Although not specifically shown, it is understood that the optical fiber has a 
cladding layer disposed around a core adapted for carrying optical signals. 
Preferably, the conductive coating is applied to this cladding layer. 

In terms of materials, the conductive coating may be made of 
aluminum, copper, gold, silver, platinum, tungsten, and/or alloys thereof. 
Those skilled in the art can appreciate that other conductive materials may 
also be used. The conductive layer may be formed at a terminal end of the 
optical fiber only, or may extend along the entire length of the fiber or a 
portion thereof. Fig. 2a shows an exemplary embodiment where the 
conductive coating is formed only at a terminal end 5 of the optical fiber. The 
distance of the conductive coating from the optical fiber tip may be fixed to 
coincide with the location of contacts included in a verification circuit 
incorporated within a connector housing. Fig. 2b shows an exemplary 
embodiment where the conductive coating is formed along the length of the 
optical fiber. This length may be varied to suit the intended use of the cable. 

The conductive coating of the present invention may be formed in 
accordance with any of a variety of optical fiber metallization techniques 
known in the art. One such technique involves placing an optical fiber in a 
sputtering chamber. A non-collimated ion beam is then used to thoroughly 
coat portions of the fiber along its exposed surfaces. While a single metal 
coating may be applied, it is preferable to apply multiple metal coatings to 
ensure proper adhesion and to attain appropriate physical and chemical 
characteristics that will satisfy the requirements of the verification circuit of the 
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invention. Uniformity of the metal layers may be improved by rotating the 
fibers within the sputtering chamber. 

To promote adhesion, the optical fiber may be coated with an initial 
adhesion-promoting layer made, for example, of titanium, nickel, or chromium. 
One or more outer layers may then be applied. If this two-layer approach is 
used, it is preferable to make the inner initial layer thinner than the outer 
layer(s). For example, an inner layer of titanium 450 angstroms thick may be 
formed on the optical fiber under an outer layer of gold with a thickness of 1.3 
microns. To improve resiliency, the outer metal layer is preferably one which 
demonstrates heat- and/or oxidation-resistant characteristics. Such a metal 
may, for example, be one on which very thin and dense oxide layers can form 
in order to prevent oxidation. Aluminum is one example of such a metal. 

The buffer is formed around the conductive coating in order to protect 
the fiber and coating from damage and/or deterioration. The buffer may be in 
the form of a jacket which is flexible or rigid depending upon the intended use 
of the cable. The jacket may be made from plastic, a polymer such as Kevlar, 
or other conventional materials. If desired, strengthening elements (e.g., steel 
or fiberglass rods) may be incorporated within the jacket to make the cable 
rigid. 

Referring to Fig. 3, a first embodiment of a fiber-optic cable connector 
in accordance with the present invention includes a plug or first connector 7 
inserted into a receptacle housing or second connector 8. The plug includes a 
ferrule 9 which holds a fiber-optic cable such as shown in Fig. 2a. The 
terminal end of this cable protrudes from the ferrule so that it extends into the 
receptacle housing to abut with element 10, which may be another optical 
fiber or a light-detecting device. 

The receptacle includes a housing portion 1 1 equipped with contacts 
12 on upper and lower interior surfaces 13. The contacts are mounted at a 
location that corresponds to a position where the optical fibers are in abutting 
alignment so that optical signals from the fiber will successfully travel to the 
other fiber or light-detecting device. As shown, when the plug is properly 
inserted into the receptacle housing, the conductive coating 3 at the terminal 
end of optical fiber is coincident with contacts 12. In this position, the coating 
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touches the contacts, causing a verification circuit to be activated to provide 
an indication that a proper connection has been established between the plug 
and receptacle. 

Fig. 4a shows one possible configuration of the verification circuit of the 
present invention. This circuit includes a contact element 12, lead lines 15 
and 16, and a light-emitting diode 17, the latter of which may be mounted in a 
visible position along a surface of the receptacle housing. The contact 
element may be two or more contacts disposed circumferentially around the 
interior surface of the receptacle housing, or the contact element may be a 
single ring contact. When the plug portion of the connector is fully inserted 
into the receptacle, the conductive coating on the optical fiber touches contact 
element 12. (If contact element 12 is in the form of two electrodes, the 
conductive coating may effectively operate as closing a switch between the 
electrodes.) This results in the activation of the light-emitting diode, which 
when viewed by a user confirms that a proper connection has been 
established. On the other hand, if the diode does not light, then the user 
knows that connection has not been properly made. The energy source for 
the verification circuit may, for example, be a battery incorporated within the 
receptacle housing or a power source of an electrical device to which the 
receptacle housing is connected. 

Referring to Fig. 5, a second embodiment of a fiber-optic cable 
connector of the present invention includes a plug and receptacle similar to 
those shown in Fig. 3. However, the plug includes a ferrule which holds a 
fiber-optic cable such as shown in Fig. 2b. Here, contacts 12 touch conductive 
coating 3 which runs the entire length of the optical fiber. A verification circuit 
for this embodiment is shown in Fig. 6, where one end of the fiber-optic cable 
is connected to an electronic device 20 containing a power source 21 . In 
operation, the power source sends a power signal along the conductive 
coating. When the conductive coating touches contacts 12 in the receptacle 
housing, an electronic device 17, for example a light-emitting diode, is 
activated to inform the user that a proper optical connection has been 
established between the plug and receptacle. As an alternative to the 
connector embodiments described herein, if the receptacle housing is 
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connected to an electronic device, the light-emitting diode may be mounted 
along a surface of the electronic device housing. 

As an optional embodiment, the fiber-optic connector shown in Fig. 5 
may be modified to carry electrical signals other than power signals to and/or 
from electronic device 20 and any device to which the receptacle housing is 
connected. In WDM systems, for example, these electrical signals may be 
used to "mark" different channels (different wavelengths). A simple low 
frequency rectangular signal could be assigned to a certain wavelength. Also, 
a bus-system (CAN, PCB) could be constructed using several fibers. Thus, in 
at least this way, the fiber-optic cable of the present invention operates both 
as an electrical transmission line and an optical transmission line. 

Other modifications and variations to the invention will be apparent to 
those skilled in the art from the foregoing disclosure. Thus, while only certain 
embodiments of the invention have been specifically described herein, it will 
be apparent that numerous modifications may be made thereto without 
departing from the spirit and scope of the invention. For example, the fiber- 
optic cable connector embodiments described up to this point have the 
verification circuit of the invention incorporated within the receptacle housing. 
Applicants emphasize that the objectives of the invention may just as easily 
be accomplished by incorporating the verification circuit into the plug of the 
connector. Under these circumstances, the fiber-optic cable of the invention 
would be attached to the receptacle. 

Also, the invention may be applied in the situation where the metallized 
optical fiber connects two optical fiber connectors. In this case, both 
connectors may include indicator LEDs as previously described, in order to 
inform users that proper connection has been made at both ends. 

Additionally, while a light-emitting diode has been described as being 
the part of the verification circuit which is activated when a proper optical 
connection has been established between the plug and receptacle, those 
skilled in the art can appreciate that other electronic devices may also be 
used. For example, the light-emitting diode may be replaced with an audible 
alarm. 
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